Postnatal day (P)11-20 (+)-methamphetamine (MA) treatment impairs spatial learning and reference memory in the Morris water maze, but has marginal effects on learning in a labyrinthine maze. A subsequent experiment showed that MA treatment on P11-15, but not P16-20, is sufficient to induce Morris maze deficits. Here we tested the effects of P11-15 MA treatment under two different rearing conditions on Morris maze performance and path integration learning in the Cincinnati water maze in which distal cues were unavailable by using infrared illumination. Littermates were treated with 0, 10, 15, 20, or 25 mg/kg MA Â 4/day (2 h intervals). Half the litters were reared under standard housing conditions and half under partial enrichment by adding stainless steel enclosures. All MA groups showed impaired Cincinnati water maze performance with no significant effects of rearing condition. In the Morris maze, the MA-25 group showed impaired spatial acquisition, reversal, and small platform learning. Enrichment significantly improved Morris maze acquisition in all groups but did not interact with treatment. The male MA-25 group was also impaired on probe trial performance after acquisition and on small platform trials. A narrow window of MA treatment (P11-15) induces impaired path integration learning irrespective of dose within the range tested but impairments in spatial learning are dependent on dose. The results demonstrate that a narrower exposure window (5 days) changes the long-term effects of MA treatment compared to longer exposures (10 days).
Introduction
(+)-Methamphetamine (MA) is widely abused among adolescents and young adults with annual prevalence rates from 2.4 to 4.7% (Johnston et al., 2006a,b) . Approximately half of these users are women, some of whom will become pregnant and use the drug during pregnancy. Although this problem is widely recognized, little is known about the long-term effects of MA after intrauterine exposure.
Infants exposed to MA (Little et al., 1988) or a combination of MA and cocaine show reduced birth weight, increased prematurity, and intraventricular hemorrhage (Dixon and Bejar, 1989; Oro and Dixon, 1987) as well as signs of withdrawal using the Finnegan rating scale (Dixon, 1989) . Flash-evoked visual potentials were abnormal in 78% of MA-cocaine exposed infants and reduced visual recognition memory on the Fagan Test of Infant Intelligence was seen in 6-12 month old exposed infants (Struthers and Hansen, 1992) . Reduced creatine and glutamate/glutamine ratios by magnetic resonance spectroscopy (Smith et al., 2001) , and volumetric reductions in hippocampus and forebrain were found by MRI in prenatally MA-exposed children (Chang et al., 2004) . In a prospective study of 1618 pregnant women, 84 of whom abused MA, exposed infants had reduced birth weight and increased rates of SGA (small for gestational age) (Smith et al., 2006) . Fifty-six percent of the MA abusing women used the drug during the first and second trimesters and 44% throughout pregnancy (Smith et al., 2006) . In another study, 47 MA-exposed infants had reduced birth weight and head circumference, higher rates of SGA, increased agitation, vomiting, and tachypnea compared to 49 unexposed infants (Chomchai et al., 2004) .
